Sporadic supply interruptions of select radiopharmaceuticals on the global market require consideration of alternative agents to support continuity of essential nuclear medicine examinations. During an acute shortage of Xenon-133 and technetium-99 metastable (Tc-99m) diethylene-triamine-pentaacetate (DTPA), our institution used aerosolized Tc-99m hydroxymethylene diphosphonate (HDP), a radiopharmaceutical traditionally used in bone scintigraphy, in lieu of traditional ventilation agents, for two cases of suspected pulmonary embolism. Similar to Tc-99m-DTPA, Tc-99m-HDP was readily available and easily compounded in our pharmacy, and tolerated well by patients. Identical delivery equipment was used for administration of Tc-99m-HDP as that used in Tc-99m-DTPA, and thus, there was no requirement for a negative pressure room. Similar to Tc-99m-DTPA and unlike Xenon-133, Tc-99m-HDP allowed direct comparison of all 8 ventilation-perfusion images. In addition, the cost per dose of Tc-99m-HDP proved to be less than Tc-99m-DTPA. Despite these favorable characteristics of Tc-99m-HDP, our experience identified an important challenge in obtaining an optimal flux override ratio of > 3 in a reasonable time frame while obtaining ventilation and perfusion images sequentially despite reversing the imaging order in an attempt to overcome this limitation. Although our experience with Tc-99m-HDP in these two cases was favorable, more clinical experience and investigation are warranted before Tc-99m-HDP can be incorporated as a standard alternative ventilation agent.
Introduction
Recent global shortages of select radiopharmaceuticals have led to consideration of alternative methods by which to conduct essential nuclear medicine examinations. Ventilation-perfusion (VQ) scans for the evaluation of pulmonary embolism (PE) are ordinarily conducted with technetium 99-metastable (Tc-99m) macroaggregated albumin (MAA) as the perfusion agent and Xenon-133 gas or the radioaerosol Tc-99m diethylene-triamine-pentaacetate (DTPA) as the ventilation agent. At our institution, we performed two VQ scans using Tc-99m hydroxymethylene diphosphonate (HDP) during acute shortages of standard ventilation agents using two different protocols on the same day. Ventilation images were performed either before or following perfusion images using a commercially available radioaerosol lung imaging system (Insta/Vent Plus™, Medi/Nuclear Corporation, Baldwin Park, CA, USA).
Case Reports

Case 1
A 53-year-old female with a suspected PE received 79.18 megabecquerels (MBq) of intravenous (IV) Tc-99m- Tc-99m-HDP allowed the successful exclusion of PE and diagnosis of critical findings of complete middle and lower lobe bronchial obstructing lesion which was not evident on concurrently performed computed tomography imaging.
Discussion
During an acute shortage of Xenon-133 and Tc-99m-DTPA, our institution used aerosolized Tc-99m-HDP, a radiopharmaceutical traditionally used in bone scintigraphy, in lieu of traditional ventilation agents, for two cases of suspected PE.
Similar to Tc-99m-DTPA, Tc-99m-HDP was easily available and compounded in our pharmacy, and tolerated well by patients. In addition, since the delivery equipment was identical to that used in Tc-99m-DTPA, there was no requirement for a negative pressure room. Tc-99m-HDP also allowed direct comparison on all 8 ventilation-perfusion images, unlike Xenon-133. Tc-99m-HDP provided addition cost benefit over Tc-99m-DTPA. The two protocols were able to achieve a flux override ratio of 1.6 and 2.4, but we experienced challenges in obtaining an optimal flux override ratio of >3 [1] [2] [3] [4] [5] in a reasonable time frame.
Other groups have explored the use of Tc-99m pyrophosphates as ventilation agents with successful outcomes when compared to the accepted standard radioaerosol, Tc-99m-DTPA. [6] Readily available Tc-99m-HDP is currently indicated for bone scans, and we successfully used it off-label as a ventilation agent during an acute shortage. [7] Interestingly, the use of Tc-99m-DTPA as a ventilation agent is also off-label. [8] Furthermore, Tc-99m-HDP is approximately thirty percent less expensive than Tc-99m-DTPA. [9] In some countries, the use of radiopharmaceuticals may be limited to their approved indications which could limit the use of Tc-99m-HDP for lung ventilation imaging.
Conclusion
Readily available Tc-99m-HDP enabled adequate VQ imaging over a period of acute shortage and provided continuity of patient care. Further exploration and procedural refinement are needed to overcome our limitations of obtaining an optimal flux override ratio before incorporation of Tc-99m-HDP as a standard alternative ventilation agent.
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